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Objective: Valve-preserving aortic replacement has evolved into an accepted thera-
peutic option for aortic ectasia with morphologically intact leaflets. Some patients,
however, exhibit additional leaflet prolapse. We compared the results of established
valve-preserving techniques with those of the combination of valve-preserving aor-
tic surgery and additional repair of leaflet prolapse.
Methods: Between October 1995 and March 2000, 99 patients underwent valve-
preserving root replacement by means of root remodeling or valve reimplantation
for acute dissection (n = 25), chronic dissection (n = 4), or aneurysm (n = 70). In
group A (63 patients) either root remodeling (n = 49) or valve reimplantation (n =
14) was performed with a standard technique. In group B (36 patients) valve-
preserving aortic replacement (remodeling, n = 31; reimplantation, n = 5) was com-
bined with repair of leaflet prolapse in the presence of bicuspid (n = 24) or tricus-
pid (n = 12) valve anatomy. Additional replacement of the aortic arch was required
more frequently in group A (group A, n = 43; group B, n = 14; P = .006); otherwise,
the groups were comparable.
Results: Cardiopulmonary bypass (group A, 133 ± 31 minutes; group B, 117 ± 30
minutes; P = .006) and myocardial ischemia times (group A, 96 ± 25 minutes; group
B, 88 ± 20 minutes; P = .05) were significantly longer in group A. Mortality was
not significantly different between groups (group A, 4.8%; group B, 0%). One
patient in each group underwent secondary valve replacement, and all other patients
had stable valve function. Freedom from aortic regurgitation of grade 2 or greater
after 48 months was 93.0% in both groups.
Conclusion: Repair of leaflet prolapse in conjunction with valve-preserving root
replacement leads to midterm results that are equal to those of valve-preserving root
replacement for morphologically intact leaflets.
Valve-preserving proximal aortic replacement has been proposedin different modifications1,2 and has become a promising alter-native to composite replacement of valve and aorta.3,4 Regard-less of differences in surgical technique, all variations of valve-preserving root replacement have been designed for patients inwhom aortic regurgitation is solely caused by aortic root dilata-
tion with morphologically preserved valve leaflets. Under these circumstances,
leaflet coaptation is impaired by increasing diameters at the sinotubular level,
aortoventricular level, or both.
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Although this mechanism is responsible for valve dys-
function in many patients with root ectasia, leaflet defects
may coexist with root dilatation in others. This may occur in
the presence of tricuspid or bicuspid aortic valve anatomy.
Currently, these patients are still treated by means of com-
posite replacement by most surgeons, with the associated
risks of thromboembolism, anticoagulation, and prosthetic
valve endocarditis.
Isolated leaflet prolapse in tricuspid, and particularly
bicuspid, aortic valves without concomitant aortic root
dilatation is applicable to valve reconstruction, with encour-
aging results.5 Thus, it appears reasonable to assume that
patients with aortic regurgitation caused by root dilatation
and limited morphologic defects (ie, prolapse) of one or
more aortic valve leaflets can be adequately treated with
valve-preserving aortic operations. On the basis of our expe-
rience with traditional concepts of valve-preserving root
replacement,6 we have extended the application of this
approach. Facing leaflet prolapse, we have combined the
techniques of leaflet prolapse repair with the established
principles of root replacement. In this retrospective investi-
gation we compared the midterm results of established
valve-preserving root replacement alone with those of com-
bined valve repair and valve-preserving aortic replacement.
Patients and Methods
Patients
Between October 1995 and March 2000, a total of 99 patients under-
went valve-sparing operations for proximal aortic disease. The under-
lying aortic disease for elective operations was aneurysmal dilatation
in 70 instances and chronic type A dissection in 4 patients. Twenty-
five patients had to undergo emergency operations for acute type A
dissection (22 patients with cardiogenic shock as a result of cardiac
tamponade). Of the total patient population, a subgroup of 63 patients
presented with aortic regurgitation caused by root dilatation in the
presence of morphologically intact leaflets. In group B (n = 36) aor-
tic regurgitation was caused by a combination of root dilatation and
leaflet prolapse. Elongation of the free margin of aortic valve leaflets
was found either in tricuspid anatomy (n = 12) or as elongation of the
congenitally fused leaflet in bicuspid aortic valves (n = 24). Patients
were older in group A, whereas sex was similarly distributed in both
groups (Table 1). The preoperative degree of aortic regurgitation
ranged from 1 to 4 and was similar in both groups (group A, 2.4 ±
0.8; group B, 2.6 ± 0.6; P = .2). Concomitant coronary artery disease
was present in 17 patients (group A, n = 13; group B, n = 4; P = .2);
2 of the patients in group A had previously undergone coronary artery
bypass grafting. Mitral regurgitation was present in 5 patients in
group A (P = .2). The clinical stigmata of Marfan syndrome were
observed in 5 patients in group A.
Operative Technique
In all patients the chest was opened by means of a median ster-
notomy, and the patients were begun on extracorporeal circulation
by means of aortic and right atrial cannulation. After aortic cross-
clamping, cardioplegic arrest was induced by infusion of St
Thomas Hospital solution directly into the coronary ostia. The aor-
tic root was inspected carefully, and the diameters of the aortoven-
tricular junction and the sinotubular junction were measured.
Particular care was taken to assess the geometry of the aortic valve
and leaflet morphology. If calcification was encountered, compos-
ite replacement was performed. Valve-preserving operations were
only considered for pliable leaflet tissue; in those patients with
leaflet prolapse, additional corrective measures were taken. The
aortic wall was resected, including the sinus wall, to facilitate
assessment of aortic valve and root geometry. In the presence of a
tricuspid valve, a 7-0 Prolene suture (Ethicon, Inc, Hamburg,
Germany) was passed through the noduli of Arantius, and the rel-
ative length of the free margins of all leaflets was estimated. If
excessive length of the free margin of a leaflet was encountered
(>3 mm), this was reduced by shortening of the margin close to
one or both commissures7 with 5-0 Prolene sutures early in this
TABLE 1. Demographic data
Group A Group B P value
n 63 36
Age (y) 64 ± 17 56 ± 12 .0001
Sex 
Male (n) 37 26 .2
Female (n) 26 10
Aortic pathology
Aneurysm (n) 42 28 >.2
AADA (n) 18 7
CADA (n) 3 1
Aortic valve anatomy
Tricuspid (n) 63 24
Bicuspid (n) 0 12
AADA, Acute type A dissection; CADA, chronic type A dissection.
Figure 1. Operative situs. Plicating sutures (Prolene 5-0 or 6-0)
were placed in the central portion of the free margin of an elon-
gated leaflet until identical length of the leaflet margins was
achieved.
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series (n = 8). Later in the experience, one or several of these
sutures (Prolene 5-0 or 6-0) were placed in the central portion of
the free margin (n = 4) until identical length of the leaflet margins
was achieved (Figure 1). In bicuspid aortic valves, radial tension
was placed on the 2 commissures to assess leaflet prolapse. The
free margin of the congenital fusion of the left and right coronary
leaflets was found to be elongated, with resulting prolapse in all
cases. A median raphe was present in most instances. The 2 parts
of the fused leaflet were approximated at the center of the free
margin by means of interrupted 5-0 Prolene sutures. Shortening of
the leaflet margin was considered adequate if both leaflets were at
identical heights after applying radial tension on the 2 commis-
sures. Triangular resection of the median raphe5 with more exten-
sive reapproximation of the 2 rudimentary leaflets was performed
in 6 patients in whom calcifications of valve tissue in this particu-
lar area made direct suture adaptation difficult to achieve.
The choice of root procedure was primarily based on root
anatomy: if moderate root dilatation was encountered predomi-
nantly at the sinotubular level (sinotubular diameter 3.5-5 cm),
remodeling of the aortic root was chosen (n = 80). For classic
annuloaortic ectasia (sinotubular diameter > 5 cm; aortoventricular
diameter > 2.9 cm) and Marfan syndrome (n = 5), aggressive root
replacement with reimplantation of the aortic valve was performed
(n = 19). This procedure was also used in patients with connective
tissue defects, such as Marfan syndrome (n = 5).
For aortic root remodeling (Figure 2), graft size was chosen
corresponding to the diameter of the aortoventricular junction. The
Dacron graft (Unigraft; Unicare Biomedical, Inc, Melsungen,
Germany) was then tailored, creating a sinus-like configuration
corresponding to the geometry of the aortic root.1 In bicuspid
valves the tailoring process had to accommodate the asymmetry of
the root.8
For valve reimplantation (Figure 2), the aortic valve was mobi-
lized to the level of the aortoventricular junction. The graft size
was chosen according to the maximum height measured from the
base to the free edge of the leaflets, leaving approximately 30% to
40% of leaflet height for coaptation. The graft was then anasto-
mosed to the aortoventricular junction by transmural mattress
sutures. Reimplantation of the native valve was performed by a
standard technique.2
After root replacement, the graft was filled with saline solution,
allowing for the assessment of leaflet coaptation and valve compe-
tence. If necessary, additional plicating sutures were placed at this
time to correct any persisting prolapse. The coronary ostia were
implanted in typical fashion. After completion of these anasto-
moses, the competence of valve and root suture lines was tested by
application of cardioplegic solution into the graft. Concomitant
procedures were performed when necessary (eg, coronary artery
bypass operations, mitral valve reconstruction, or arch replacement
under hypothermic circulatory arrest [21°C nasopharyngeal tem-
perature for partial arch replacement and 18°C nasopharyngeal
temperature for total arch replacement]). For aneurysmal disease
with diffuse atherosclerotic debris, additional retrograde cerebral
perfusion was applied during circulatory arrest.
Echocardiographic Surveillance
After discontinuation of cardiopulmonary bypass, transesophageal
echocardiography was performed to assess aortic valve function
(HDI 3000; Advanced Technology Laboratories, Bothell, Wash).
The blood pressure was manipulated pharmacologically to main-
tain a diastolic level of 70 mm Hg at the time of echocardiography.
A semiquantitative assessment of the degree of aortic regurgitation
was based on the intensity and slope of the regurgitation signal and
the relative size of the regurgitation jet in relation to the left ven-
tricular outflow tract.9-11 Postoperative transthoracic echocardiog-
raphy was performed at discharge and after 3, 6, 9, 12, 24, and 36
months and every 12 months thereafter. All echocardiographic
investigations were read by a single investigator using the same
device. In addition to assessment of regurgitation, systolic flow
gradients were recorded.
Statistics
All data were reviewed retrospectively. Mean values and standard
variations were calculated (Excel; Microsoft, Verl, Germany).
Statistical analyses were performed with Sigmastat software
(SPSS Inc, Chicago, Ill). Discrete variables were analyzed with the
Fisher exact test; the Mann-Whitney U test was applied for con-
tinuous variables. Survival curves were calculated with Graphpad
software (Graphpad Prism, San Diego, Calif), with log-rank tests
for curve comparison.
Results
Remodeling of the aortic root was performed in 49 patients
from group A, and reimplantation of the aortic valve was the
root procedure in 14 patients from the same group. In group
B, remodeling was chosen in 31 patients, and 5 patients
from this group underwent valve reimplantation.
Figure 2. Schematic drawing of the 2 root procedures used. The
remodeling procedure (left) primarily restores sinus configuration
and sinotubular junction. Reimplantation of the valve within a
vascular graft (right) additionally corrects dilatation of the aor-
toventricular junction. (From Schäfers H, Fries R, Langer F,
Nikoloudakis N, Graeter T, Grundmann U. Valve-Preserving
Replacement of the Ascending Aorta: Remodeling Versus
Reimplantation. J Thorac Cardiovasc Surg. 1998;116:990-6).
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Prolapse of a single leaflet was found in 27 patients and
corrected at the center of the leaflet (tricuspid, n = 3; bicus-
pid: plication, n = 16; triangular resection, n = 3) or at the
commissure (tricuspid, n = 5). A prolapse of 2 leaflets was
corrected in 7 individuals at the leaflet center (bicuspid: pli-
cation, n = 2; triangular resection, n = 3) or close to the com-
missures (tricuspid, n = 2). In 2 patients prolapse was
encountered at all 3 leaflets and corrected at the level of the
commissures.
Extracorporeal circulation time (group A, 133 ± 31 min-
utes; group B, 117 ± 30 minutes; P = .006) and myocardial
ischemia (group A, 96 ± 25 minutes; group B, 88 ± 20 min-
utes; P = .05) were significantly longer in group A (Table 2).
Four patients (group A, n = 3; group B, n = 1; P = > .2)
required re-exploration for surgical bleeding. Peri-
operative atrioventricular conduction disturbance was not
observed in any patient. One patient in each group
required an intra-aortic balloon pump for treatment of low
cardiac output. One patient in each group exhibited post-
operative neurologic events. One patient in group A with
acute type A dissection had paraparesis as a result of
spinal ischemia, which resolved within the following
months. The second patient had postoperative hemipare-
sis, which subsided within 3 weeks. Thromboembolic
events were not noted in the postoperative follow-up.
There was no evidence for endocarditis in any patient dur-
ing follow-up.
Mortality (group A, 3/63; group B, 0/36; P = > .2) was not
significantly different between groups. Three patients in group
A died in the hospital. Two of these patients underwent repair
of acute type A dissection. One died as a result of a cerebral
complication after cardiac arrest and cardiopulmonary resus-
citation during induction of anesthesia. The other patient had
an uneventful perioperative course but sustained fulminant
pulmonary embolism 1 day before scheduled discharge. A
third patient undergoing elective root remodeling and total
arch replacement for extensive atherosclerotic aneurysm had
fatal nonocclusive mesenteric ischemia.
Increasing aortic regurgitation led to reoperation in 2
instances 4 and 6 months postoperatively. One patient in
group A with remodeling of the aortic root had secondary
root dilatation at the aortoventricular junction, resulting in
secondary aortic regurgitation. The other patient (group B)
had undergone leaflet reconstruction with sutures close to
the commissure for prolapse of all 3 leaflets, 2 of which
were torn out at reoperation.
All other patients have had stable valve function docu-
mented with transthoracic echocardiography at a mean fol-
low-up of 22.6 months (range, 1-53 months; median, 21
months; total of 2244 patient months). Aortic regurgitation
Figure 3. Reduction of degree of aortic regurgitation (AR), as
determined by semiquantitative echocardiography. Top, Group A,
bottom, group B.
TABLE 2. Operative data
Group A Group B P value
ECC time (min) 133 ± 31 117 ± 30 .006
Myocardial ischemia time (min) 96 ± 25 88 ± 20 .05
Root procedure
Remodeling (n) 49 31 >.2
Reimplantation (n) 14 5
Arch replacement
Partial (n) 32 14 .006
Total (n) 11 0 .006
CABG (n) 13 4 >.2
MVPI (n) 5 0 .2
ECC, Extracorporeal circulation; CABG, coronary artery bypass grafting;
MVPI, mitral valve reconstruction.
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was reduced from grade 2.4 ± 0.8 to grade 0.5 ± 0.7 in group
A and from grade 2.6 ± 0.6 to grade 0.5 ± 0.8 in group B,
respectively (Figure 3). Freedom from aortic regurgitation
of grade 1 or greater after 48 months (Figure 4) was 69.7%
in group A and 79.1% in group B (P > .2). Freedom from
aortic regurgitation of grade 2 or greater after 48 months
(Figure 5) was 93% in both groups (P > .2). Three patients
in group A had aortic regurgitation of grade 2 after remod-
eling, without clinical signs of congestive heart failure. One
of these patients had increased from grade 1 to grade 2 nine
months postoperatively. Mean valvular gradients were high-
er in group B (group A, 3.9 ± 2.3 mm Hg; group B, 5.5 ± 2.2
mm Hg; P = .01) but still within the normal range (Table 3).
One patient in group B with a coronary anomaly (left
anterior descending artery originating from the right coro-
nary artery) had angina 9 months postoperatively. Repeat
coronary catheterization revealed a new lesion at the left
coronary artery, which was suspected to be due to intubation
of the ostium for cardioplegia. The patient underwent an
uneventful coronary bypass operation and has been asymp-
tomatic since.
Discussion
Valve-sparing aortic replacement correcting root dilatation
with aortic regurgitation has been propagated with encourag-
ing results within the past decade. Two distinctive procedures
have been described. Sarsam and Yacoub1 propagated the
remodeling procedure of the aortic root to achieve coaptation
by reduction of the sinotubular junction. This technique appre-
ciates anatomy and function of the sinuses of Valsalva, which
Figure 4. Freedom from aortic regurgitation of grade 1 or greater. Error bars represent 95% confidence intervals 
(P > .2).
Figure 5. Freedom from aortic regurgitation of grade 2 or greater. Error bars represent 95% confidence intervals 
(P > .2).
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length of the free margin of a prolapsing leaflet. In bicuspid
anatomy the free margin of the fused leaflet was approxi-
mated at the median raphe by means of interrupted 5-0
Prolene sutures.17 Triangular resection of a median raphe
with more extensive reapproximation of the 2 rudimentary
leaflets, as advocated by Cosgrove and colleagues,5 was
avoided unless calcifications of valve tissue in the raphe
area made direct suture approximation difficult to achieve to
minimize secondary suture dehiscence.17 In tricuspid valve
anatomy we initially placed plicating sutures close to the
commissures, according to the method of Trusler and
coworkers,7 with favorable results. When we found these
sutures torn out at the only reoperation in group B, we aban-
doned this technique. Because maximum leaflet shear stress
is close to the commissures, we then performed leaflet
shortening at the central portion of the free margin, which is
similar to the technique used in bicuspid aortic valves.
Additional triangular resection of leaflet tissue, as suggest-
ed by Carpentier15 for tricuspid anatomy, was also omitted
to avoid potential suture line dehiscence. Long-term clinical
observations may show which of these reconstructive tech-
nique is most suitable, particularly in tricuspid aortic valves.
Some uncertainty remains because of the different prog-
noses of bicuspid and tricuspid aortic valves. A bicuspid
aortic valve predisposes to degeneration19 but may appear
normal throughout a lifetime.20 We have seen patients with
well-preserved structure of bicuspid aortic valves up to the
age of 70 years. Repair of leaflet prolapse for regurgitant but
otherwise normal bicuspid valves appears justified if it
reduces the risk of endocarditis compared with prosthetic
valves. Additional aortic replacement abolishes the associat-
ed risk for aortic dilatation21 or dissection22,23 in individu-
als with bicuspid valves.
The functional results of a combination of leaflet recon-
struction and established root procedures documented by
echocardiographic follow-up are encouraging. Because of
adequate stability of the aortic valve repair, the option of
preserving the physiologic aortic valve function appears to
be superior to that of prosthetic valves. Associated risks of
prosthetic valve endocarditis and anticoagulation may be
minimized or prevented. The determined gradients were
attribute to physiologic aortic valve function. Root stabiliza-
tion is achieved at the level of the sinotubular junction, leaving
the possibility of potential secondary dilatation at the aor-
toventricular junction. This has been observed in one of the
patients requiring reoperation in our series.
The approach proposed by David and Feindel2 addresses
this aspect. They found that in classic annuloaortic ectasia
not only the sinotubular level but also the aortoventricular
level and its fibrous structures (ie, fibrous trigone and mem-
branous septum) may be involved in the dilating process.
This is frequently encountered in patients with connective
tissue defects, such as Marfan syndrome.12 These patients
appear to benefit from root replacement with reimplantation
of the aortic valve into a vascular graft, which is anchored
to the aortoventricular junction.
Both valve-sparing procedures follow a common princi-
ple. They are designed for patients with morphologically
intact aortic valve leaflets, in whom aortic regurgitation is
solely caused by root dilatation. In case of additional mor-
phologic leaflet defects (ie, leaflet elongation or calcifica-
tion), however, exact valve geometry cannot be achieved by
using only one of the root procedures mentioned above.
These patients are currently not considered as candidates for
valve-preserving root replacement by most surgeons.
Aortic valve reconstruction techniques have gained
increasing interest within recent years. Different techniques
have been proposed with different results.5,13-15 The largest
series has been reported by Cosgrove and coworkers5,16 from
the Cleveland Clinic group,17 with excellent intermediate
results. Bicuspid valve anatomy in particular appears to facil-
itate leaflet reconstruction because only a single coaptation
line has to be appreciated in contrast to the more complex
interference of 3 coaptation lines in the tricuspid valves.18
For patients with morphologically intact leaflets, we
have been able to achieve good results with both valve-
preserving approaches, as determined by the individual root
pathologic condition.6 With increasing experience in repair
of leaflet prolapse, we have modified the initial application
of the established root procedures. A combination of root
procedure and direct leaflet reconstruction was chosen for
adequate coaptation in patients with aortic regurgitation
caused by both root dilatation and leaflet prolapse. Under
the assumption that correction of leaflet prolapse will result
in better restoration of aortic valve geometry, we anticipat-
ed improved long-term results of valve-sparing aortic
replacement. Our early experience with this combined
approach for bicuspid valve anatomy was reported recent-
ly.8 On the basis of this experience, we have extended this
approach to tricuspid valve anatomy. The current results in
both anatomic situations appear sufficiently favorable at
intermediate follow-up to pursue this approach further.
For leaflet reconstruction, we used established surgical
principles of leaflet prolapse repair to correct excessive
TABLE 3. Echocardiographic determination of aortic valve
function without (group A) and with (group B) repair of
leaflet prolapse
Group A Group B P value
Preoperative AR 2.4 ± 0.8 2.6 ± 0.6 .2
Postoperative AR 0.5 ± 0.7 0.5 ± 0.8 >.2
Postoperative mean valvular 3.9 ± 2.3 5.5 ± 2.2 .01
gradient (mm Hg)
AR, Degree of aortic regurgitation.
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within physiologic range and comparable with those of a
stentless biologic valve but below the gradients of a stented
xenograft.24,25
We thus conclude that the addition of valve reconstruc-
tion to root replacement results in aortic valve function that
is equal to classic application of valve-preserving operations
with morphologically intact leaflets. Further observations
will be necessary to judge the long-term fate of different
modes of leaflet prolapse repair in this context.
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Discussion
Dr Manly R. Hyde (Los Angeles, Calif). You have retrospec-
tively compared 2 groups of patients. The first group, who had root
dilatation and morphologically intact leaflets by means of either
the root remodeling or valve reimplantation techniques, underwent
valve-preserving root replacement. The second group had addi-
tional correction of aortic leaflet prolapse by placing shortening
sutures close to the commissures or, later in the study, in the mid-
portion of the prolapsing leaflet. Triangular resection was also
used in some patients. You reported comparable midterm results
between the 2 groups, with a mean follow-up of 22.6 months.
Freedom from aortic regurgitation of greater than or equal to 1+
was 69.7% in group A and 79.1% in group B. Freedom from aor-
tic regurgitation of equal or greater than 2+ after 48 months was
93% in both groups.
My main area of concern has to do with the long-term durabil-
ity of the repair. Because only 19 patients, 14 in group A and 5 in
group B, actually had reimplantation of the aortic valve, which in
itself has a risk of distorting the normal commissural supporting
anatomy, it is unclear from the small numbers and short follow-up
whether concomitant repair of leaflet prolapse in these patients
does have comparable long-term durability.
In addition, Casselman and associates have reported their expe-
rience from The Cleveland Clinic on the repair of bicuspid aortic
valves with leaflet prolapse. In those patients followed up for up to
9 years, freedom from reoperation fell to 84% at 7 years. The only
risk factor for reoperation was the presence of residual aortic
regurgitation. They concluded that any residual regurgitation jeop-
ardizes repair durability.
My first question is as follows: Are you concerned that the 20%
to 30% of your patients that had 1+ or greater regurgitation may
have progression in the regurgitation resulting in reoperation, as
suggested by Casselman and associates, or a decrease in left ven-
tricular function over the long term?
Dr Langer. Thank you for the question. We have made similar
observations that led us to do more leaflet correction later in the
series. In our learning curve we have realized that a near-perfect
geometry of the aortic valve is very important for long-term dura-
bility of these reconstructed valves. Therefore, I totally agree that
we should aim for a near-perfect geometry.
Dr Hyde. Second, what is your opinion on the creation of pseu-
dosinuses by scalloping the graft, which has a theoretical advan-
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Dr Langer. For root remodeling, we choose graft size accord-
ing to the aortoventricular junction, and for reimplantation, we
choose according to the maximal height of the leaflet.
Dr Miller. The word of caution is the Yacoub or Tirone David
2 remodeling procedure, which the majority of your patients had,
correct?
Dr Langer. Yes.
Dr Miller. Well, Tirone himself has abandoned the Tirone
David procedure, especially in cases of Marfan syndrome with a
large aortic anulus, for 2 reasons. First, there is too much late
recurrent aortic regurgitation; second, there is too much intraoper-
ative bleeding. All of us think it saves a suture line, and it does, but
all the suture lines are exposed to atmosphere and that does lead to
bleeding. He has abandoned it. Even if you look at Sir Magdi’s
report in Circulation in November 1999 for Marfan syndrome, he
has a 17% reoperation rate at 5 years, which most of us would
deem unacceptable: 47% of the patients have grade 1 aortic regur-
gitation at the time of last follow-up, and 25% have moderate or
more significant aortic regurgitation. What do you think your
results will show as your follow-up gets longer, and will they
indeed stand the test of time when these other very experienced
masters are already backing away from the remodeling procedure?
Dr Langer. Actually, there are 2 reasons for these long-term
failures. One point is graft dilatation, and we did not see that. The
second point is that the initial repair should be as adequate as pos-
sible. This is why we tended to be more aggressive with leaflet cor-
rection to achieve a perfect geometry of the valve, hoping to
achieve longer durability.
Dr Miller. In the hands of your boss, Hans Schafers, we look
forward to more long-term results. 
Dr Edward Verrier (Seattle, Wash). I would like to pursue the
same type of discussion a bit further. Twenty-six of your patients
had dissections of one sort or the other. Did any of those patients
end up with a triangular resection to get better coaptation?
Dr Langer. Twenty-five patients underwent emergency opera-
tions. Triangular resection was not used in this series. We try to
avoid triangular resection as much as possible. If you look at the
results from the Cleveland Clinic group for bicuspid valves, a rea-
son for reoperation has been triangular resection. We also avoid tri-
angular resection in acute type A dissection.
Dr Verrier. Did any of the patients in this series have Marfan
syndrome, and do you advocate doing valve-sparing operations
like this in patients with Marfan syndrome?
Dr Langer. There are 5 patients with Marfan stigmata. They
are included in group A, and therefore we did not see any patients
with Marfan syndrome with limited leaflet prolapse.
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tage of reducing stress on the leaflets, versus the technique of reim-
planting the valve within a tube graft?
Dr Langer. There is a continuous discussion on possible thicken-
ing of valve leaflets in reimplantation. We actually have not seen that.
Our reimplantation procedures work out quite well, and we have not
had to reoperate after any of the reimplantation procedures.
Dr Hyde. In what percentage of your total aortic root replace-
ments during this period were you able to preserve the aortic
valve?
Dr Langer. Valve-preserving root replacement was performed
in 62% of the patients referred with aortic regurgitation and dilata-
tion of the ascending aorta.
Dr Hyde. Finally, do you think that the average cardiothoracic
surgeon should be performing your valve-preserving techniques?
Dr Langer. The advantages of this technique are to prevent
exposing the patient to the associated risks of aortic replacement,
such as thromboembolism, anticoagulation, and prosthetic valve
endocarditis. It may be an important tool for the cardiothoracic
surgeons of tomorrow.
Dr Craig Miller (Stanford, Calif). Dr Langer, your boss, H. J.
Schafers, and I have been debating these results for the last year or
two at various meetings around the world, and I keep teasing him
that this is too good to be true. He almost admits that, but as you
have stated, the results are short term, and there is much more to
be learned in the future. I rise for 2 points—one technical question
and comment and another word of caution.
In terms of whether you are shortening the free margin, I think
that is something all of us are not doing often enough. My person-
al series consists of only 50 cases, about half as many as yours. In
a personal series of about 50 cases, the vast majority are reimplan-
tations, operative procedures propogated by Tirone David. How do
you define the level of coaptation, and how did you therefore
define prolapse? When should you shorten the free margin to ele-
vate or bring up the coaptation level higher into the root? I think
your technique of reefing the noduli Arantius in the middle of the
leaflet is very superior to the old Trusler stitch, but when do you do
that, and how do you define prolapse?
Dr Langer. Before we actually go for the reimplantation tech-
nique with the graft, we put a 7-0 Prolene stitch through the noduli
Arantius and then estimate the certain prolapse of the leaflet. The
second thing is actually the size of the graft. Graft size is estimat-
ed according to the leaflet height, therefore leaving 30% to 40%
for coaptation.
Does this answer your question?
Dr Miller. No, but that is okay. You brought up another point.
How do you pick the size of the graft?
